I. INTRODUCTION
Guckel et al. [1] proposed a topology for electro thermally actuated microactuator, which has been developed extensively by Comtois and Bright [2] - [4] . The basic two are electron thermal actuator design uses the principle of Joule heating for thermal expansion and movement. The two arm actuator design consists of a thin arm, wide arm and flexure arm connected together at one end and constrained elastically at the anchors. The layers density in the thin arm causes a greater thermal expansion than that in the wide arm. In previous research on design of these devices for maximum deflection and force, hickey [5] has laid down guidelines for optimization using a trial and error analytical approach. Chen et al. [6] have investigated the effect by analyzing various actuator designs using semi analytical approach. This study presents the analytical and FEM modeling to explain the behavior of the designed thermal actuators. Commercial MEMS software, COMSOL Multiphysics 4.3 is used for FEM modeling and analysis. The aim of this study is to analyze the temperature distribution and the expected Manuscript received February 6, 2014; revised April 27, 2014 Girija M. Nimbal is with Department of Electronics, Karnataka State Women's University, Bijapur, India (e-mail: girija_mnimbal@yahoo.com).
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deflection from the thermal microactuator. Finally, the effect of the certain important parameters such as applied voltage and geometrical dimension of the thermal actuator are investigated.
II. METHODOLOGY
The actuator is activated through thermal expansion. The temperature increase required to deform the two hot arms and thus displace the actuator is obtained through Joule heating. The greater expansion of the hot -arms compared to the cold arm which causes a bending of the actuator. The actuators operation thus involves three coupled physics phenomena electric current conduction, heat conduction with heat generation, and structural stresses and strains due to thermal expansion then selecting boundary conditions and constraints after that the electric potential is applied between the bases of the hot arms anchors. The cold arm anchor and all other surface are electrically insulated. The temperature of the base of the three anchors and the three dimples is fixed to that of the substrates constant temperature. Then boundaries are interacting with thin layers of air. Here all three arms are mechanically fixed at the base of the three anchors. The dimples can move freely in the plane of the XY-plane but not move in the direction perpendicular to the Z-direction.
III. THEORY
There are three mechanisms of heat flow: conduction, convection and radiation. According to previous research [7] , the heat dissipation through radiation to the ambient can be neglected in comparison with the heat losses through conduction to the anchors which are considered as heat sinks and the heat losses through air to the substrate due to convection. When the heat transfer flow is under steady-state conditions, resistive heating power generated in the element is equal to the heat conduction and convection out of the element:
where T, T s are the temperature of the beam and the substrate, respectively, k p is the thermal conductivity of polysilicon, J is the current density, ρ is the resistivity of polysilicon, and S is the shape factor which accounts for the impact of the shape of 
where t v and t n are the elevation of the hot arm above the Si3N4 and the thickness of Si3N4 respectively and k v , k n are the thermal conductivity of the air. The shape factor is given by [8] 2 11
Usually, the resistivity of polysilicon, ρ, is related to temperature. The resistivity is assumed here to have a linear
where V is voltage across the arm and L is the length of the hot arm. Taking the limit as Δx→0, equation (1) 
Substitute equation (4) and (5), and using the Taylor series expansion to make linear the resistive heating power term [4] , the equation (6) becomes:
The solution for the linear differential equation (8) 
For the boundary conditions, it can be assumed that the anchor pad has the same temperature as the substrate, T s , and the temperature at the interface section is maximal, that
Solving equation (10), (11) and (12) gives the temperature distribution along the hot arm is: 
where is the average temperature of the hot arm. (1 )(1 ) 2 ln 1
, and g i is the distance from the i th hot arm to cold arm.
IV. SETTING BOUNDARY CONDITIONS
The heat flux boundary condition for the convection to the substrate in COMSOL has to be given in the Input form for heat boundary condition [13] , this means that in the expression of inward heat flux the coefficient h must be written as:
The Joule-heating model window is shown on the Fig. 1  and Fig. 2 . VI. RESULT
V. PERFORMANCE ANALYSIS
As we away from the thermal actuator intensification goes on reducing as seen from the white red yellow in Fig. 6-Fig. 8 with applying different voltage and temperatures then applying as parameter that is heat transfer coeffiecit is 0.04[W/m*k]/2[um] with different applied actuator lengths, for this actuator using mechanical properties are, Polysilicon, Si3N4 and Air is used. Table I shows the original performance of thermal actuator i.e. Applied voltages VS Maximum Temperature with different actuator length. Table  II shows the Actuator length VS Obtained stress for applied voltage 10 the obtained stress is 0.35. Fig. 3-Fig. 5 show its points. The reduced maximum temperature for any applied voltage which is contributed by the change in the gap the width of the wide arm and flexure arm length. Since the deflection is minimized the significant papers that effect the force output from the thermal actuator area decrease in the actuator length increase in the width of the thin arm decrease in the width of the wide arm and increase in the thin arm . Table I to Table III can be used if 700.92K is set as maximal temperature for the actuator. The deflection value obtained for the loaded beam, length of 240μm, 200μm and 180μm, at 10V driving voltage. In further work an analytic model for the load arising from the polysilicon flexure and thermal actuator plate should be designed. In general this work made us to become familiar with FEM simulation in heat conduction domain using COMSOL and also made aware us about difficulties to build an appropriate analytic model. Thermal actuators have been measured and compared with the results of the theoretical model. The theoretical model presented would therefore find applications in the design and optimization of polysilicon thermal flexure actuators. 
